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Abstract 
A new concept for a piezoresistive force sensor for high pressure applications is presented. By applying a load on closely 
neighboring protruded islands on a silicon chip mechanical stress occurs in the region between the islands, where four 
piezoresistors are placed connected to form a Wheatstone bridge. FEM analysis is conducted to verify the working principal of 
the sensor. Fabrication of the sensor is taking place using SOI technology. The force sensor is adopted to transmit the pressure to 
be measured into an electrical output voltage. The bridge output voltage at a load of 150N amounts to 32mV/V. 
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1. Introduction 
The development of force sensors for high pressure measurement becomes more and more important, since the 
requirements of many industrial applications are increasing. Several approaches like piezoelectrical or capacitive 
methods are used to measure high pressure exceeding 1000 bar but thin film strain gauges with a metal diaphragm 
are by far the most widely used high pressure sensors [1]. The low sensitivity and a limited potential for 
miniaturization are the drawbacks of this technology.  
A piezoresistive pressure sensor for high pressure available consists of two single SOI chips bonded to each other 
at the back. The piezoresistors are arranged on the front side of each single chip [2]. Pressure acting on the bonded 
device cause mechanical stress to be transferred to a Wheatstone bridge which consists of four pairwise longitudinal 
and transverse loaded piezoresistors.  
The approach presented herein is based on applying a force on closely neighboring protruded islands on a Si-chip 
to induce a mechanical stress in the region between the islands. For pressure measurement the pressure is 
transformed into a force using a housing with metal diaphragm and a metal rod. Besides its high sensitivity, 
miniaturization of the sensor using available MEMS processes is possible [3]. The sensor presented in this paper is 
fabricated using SOI technology which simplifies the realization of the protruded islands.  
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2. Sensor design and FEM analysis 
A non-linear FE-analysis using ANSYS 11.0 was carried out to verify the working principal of the sensor. The 
force sensor has an overall dimension of 4 mm x 4 mm and features four protruded islands with a height of 10µm 
and a size of 1.5 mm x 1.5 mm. A pressure up to 1000 bar was applied to the protruded islands to induce mechanical 
stress in the region between the islands. An optimum distance of 300 µm between the islands is determined in order 
to obtain a constant stress between the islands. Fig. 1 shows the contour plot of the mechanical stress in x-direction 
at a pressure of 1000 bar obtained by simulation. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1. FEM-Analysis at a pressure of 1000 bar; contour plot of 
the mechanical stress in x-direction (σx). A constant stress 
occurs between neighboring islands. 
Fig. 2. Stress distribution in x- and y- directions in the region  
between two protruded islands at a pressure of 1000 bar. 
 
Figure 2 shows the stress distribution in x- and y- direction between two islands at a pressure of 1000 bar. A large 
constant stress region enables the use of longitudinal and transverse piezoresistors to form a Wheatstone bridge. An 
extensively constant stress region makes the sensor less sensitive to the placement of the piezoresistors to be 
implanted. 
Additional simulations with varied bulk thickness and island height were carried out at a pressure of 1000 bar to 
analyze the influence of these parameters on the sensitivity of the sensor. The simulation results shown in table 1 
demonstrate that the maximum stress and strain induced increase with increasing bulk thickness, while for an 
increasing island height the reverse effect is shown.  
 
Table 1. Maximum mechanical stress and strain induced at a pressure of 1000 bar  for different bulk thickness and island height. 
Bulk thickness [µm] Island height [µm] Max. Stress [MPa] Max. Strain [10-3] 
5 32.7 0.19 
290 
10 30.0 0.18 
5 46.9 0.28 
525 
10 45.2 0.27 
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3. Sensor fabrication 
The sensors are fabricated applying standard MEMS processes. SOI-wafers are used in order to simplify the 
realization of the protruded islands. The wafers consist of a 10 µm thick device layer which determines the height of 
the protruded islands, a 300 nm thick buried oxide layer (BOX), and a 290 µm handle wafer. The BOX serves as 
etch stop layer during the island structuring as well as field oxide layer isolating the Al conductors against the 
handle wafer. Figure 3 presents the cross-section of a single sensor. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3. Cross-section of the force sensor developed based on SOI. 
 
The fabrication of the sensors starts with structuring the protruded islands by etching the device layer up to the 
BOX conducting a DRIE process. Subsequently the BOX in removed from the region between the islands by dry 
etching. A 100 nm thick dry oxide is thermally grown on the surface between the islands to prevent channeling 
during ion implantation. Afterwards the piezoresistors and heavily doped contact areas are fabricated by ion 
implantation of boron. To minimize diffusion of the implanted boron atoms the dopants are activated by Rapid 
Thermal Annealing (RTP). Finally, contact areas are opened employing buffered oxide etch followed by sputtering 
and patterning of a AlSiCu-metallization to provide conductors and bond pads. The top view of a force sensor 
fabricated is shown in Fig. 4. Further reduction of the sensor size can be achieved by a smaller size of the protruded 
islands. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 4. Fabricated force sensor. 
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4. Measurement and discussion  
In order to verify the working principle of the bulk-type piezoresistive force sensor a compressive load up to 150 
N is applied on the protruded islands using a metal rod having a diameter of 3 mm. The output signal of the sensor is 
measured at room temperature at different loads and a supply voltage of 5V. Fig. 5 shows the output characteristics 
of the sensor. An output voltage of 160 mV is achieved at a load of 150 N. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 5: Output characteristics of the sensor at 5V supply 
voltage and room temperature. 
Fig. 6. Schematic of the high pressure sensor based on the SOI 
bulk-type piezoresistive force sensor. 
 
Fig. 6 shows a schematic of the application of the force sensor for high pressure measurement. Pressure applied 
to the metal diaphragm is transmitted into the force sensor through a metal rod. As a result of this mechanical stress 
is produced in the region between the protruded islands of the sensor where the piezoresistors are located and 
connected to from a Wheatstone bridge. The output voltage of the bridge circuit changes with the applied pressure. 
It is possible to produce sensors for various pressure ranges by changing the thickness of the metal diaphragm. 
 
5. Conclusion 
A bulk type piezoresisitve force sensor for high pressure application is fabricated using standard MEMS 
processes. The use of SOI wafers simplifies the fabrication of the sensor. FEM-simulation and measurement of the 
fabricated sensor verify the working principal of the sensor. No additional process steps after dicing, like chip to 
chip bonding and polishing, are necessary. A high output voltage of 32mV/V at a load of 150 N is achieved. 
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